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2-Azido-ATP, a photoaffinity ATP analogue, was incorporated into actin and the influence of the incorporation on the 
actin function was studied. The replacement of ADP with 2-azido-ADP in F-actin both before and after photocross- 
linking decreased appreciably the actin-activated S1-ATPase activity. Photocross-linked 2-azido-ADP-F-actin could be 
depolymerized bydialysis against asolution containing 0.I mM CaC12, 0. l mM ATP and 1 mM Tris-HC1 (pH 8.0). How- 
ever, once it depolymerized, it lost very quickly the ability to polymerize ven in the presence of a sufficient amount of 
ATP and Ca 2÷. 
Actin; ATP analogue, photoaffinity; 2-azido-ATP 
1. INTRODUCTION 
At low ionic strength, actin exists as a mono- 
meric form (G-actin). One mole of G-actin binds 
one mole of ATP (affinity constant of 7.5 × 109 
M -1 [1]) which is easily exchanged with other nu- 
cleotides in solution. During polymerization, the 
terminal phosphate is removed and the bound 
ADP in F-actin is no longer eadily exchangeable. 
The role of bound nucleotide in actin is not clear 
but without ATP, G-actin easily denatures. The 
nucleotide-binding site is located in the cleft region 
between N-terminal and C-terminal domains of the 
actin molecule [2]. Many amino acids are involved 
in the nucleotide-binding site including residues 
115-118, 121-124 [3], Lys-336, Trp-356 [4] and 
Tyr-306 [5]. 
2-Azido-ATP, a photoaffinity ATP analogue, 
has hindered rotation around the glycosidic bond 
due to the bulky group at the C-2 atom of the 
purine ring and consequently it is always in the 
anti-configuration. Under irradiation with near 
ultraviolet light, the azido group is activated and 
becomes cross-linked to Tyr-306 [5]. To under- 
stand the role of the nucleotide in actin, we have 
characterized the effects of replacing bound ATP 
with 2-azido-ATP with and without photocross- 
linking. 
2. MATERIALS AND METHODS 
Actin, Sl, tropomyosin and troponin were prepared as 
described previously [6]. Synthesis of 2-azido-ATP was carried 
out according to the method of Czarnecki [7]. Absorption was 
measured with a Philips PUS800 and fluorescence spectra were 
measured with an SLM 8000. ATPase activity was measured us- 
ing a radiometer pH-stat as previously reported [6]. Viscosity 
was measured at 25°C with an Ostwald viscometer having an 
outflow time of 52 s for water. Protein concentrations were 
determined from the absorption as described previously [6] and 
F-actin concentration was determined using the Biuret method. 
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2.1. Preparation of 2-azido-ADP-F-actin 
F-actin pellet was washed with 60 mM KCI and 10 mM Tris- 
HCI (pH 8.0) and then homogenized in the same buffer solu- 
tion. The sample was ultracentrifuged at 100000 × g for 90 
min. The pellet was homogenized in 1 mM Tris-HC1 (pH 8.0) 
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and 0.1 mM CaC12 (actin concentration was about 2 mg/ml). 
The solution was sonicated using a heat system W-10 probe 
sonicator at 0°C for 1 min. 0.5 mM 2-azido-ATP was im- 
mediately added and again the sample was sonicated for 1 min 
at 0°C. 1/10 vol. of Dowex-1 was added and, after a 5 min in- 
cubation at 0°C, removed by filtration. 0.5 mM 2-azido-ATP 
was again added and the sample was incubated for 10 min at 
0°C. 2-Azido-ATP-G-actin was polymerized in 60 mM KCI, 2 
mM MgC12 and 10 mM Tris-HC1 (pH 8.0) (buffer-F) and after 
1 h incubation at room temperature, ultracentrifuged at 
100000 x g for 90 min. The pellet was homogenized in buffer- 
F. Half the sample was photolyzed on ice with a 450 W medium 
pressure Hg lamp for 20 x 15 s with 15 s breaks. 
3. RESULTS 
2-Azido-ADP-F-actin, with and without photo- 
lysis, was denatured with 5070 perchloric acid and 
the precipitates were removed by ultracentrifu- 
gation at 100000 x g for 15 min. The supernatant 
was passed through a 0.45-/zm filter. The absorp- 
tion spectrum of 2-azido-ADP has a peak at 272 
nm (e = 14 200). After photolysis, most of the 
bound nucleotide was not released since 2-azido- 
ADP was covalently cross-linked to Tyr-306 in ac- 
tin [5]. From the difference in the absorption at 272 
nm, the ratio of cross-linked 2-azido-ADP to actin 
was calculated to be 0.82. 
The effects of photolyzed and non-photolyzed 
2-azido-ADP-F-actin on the S1 Mg2+-ATPase ac- 
tivity were measured in 30 mM KC1, 2 mM MgCI2, 
2.5 mM ATP and 1 mM Tris-HCl at pH 8.0 (buffer 
A) and 25°C. The concentration of S1 was 0.05 
mg/ml. Fig. 1 shows the double-reciprocal plot of 
the ATPase activity of S1 versus the concentrations 
of 2-azido-ADP-F-actin with and without photo- 
lysis. The results indicate that the replacement of 
ADP with 2-azido-ADP with and without photo- 
lysis reduced appreciably the actin activation of S1 
Mg2+-ATPase activity. This decrease is mainly due 
to a change in Fm~x. The effects of regulated 
2-azido-ADP-F-actin (i.e. in the presence of 
tropomyosin and troponin) on the Mg2÷-ATPase 
activity of S1 were also measured in buffer A and 
0.05 mM CaCI2 or buffer A and 2 mM EGTA. The 
concentrations of S1, actin, tropomyosin and 
.troponin were 0.05 mg/ml, 0.25 mg/ml, 0.086 
mg/ml and 0.087 mg/ml, respectively. Strong in- 
hibition of actin-activated S1-ATPase activity was 
observed in the case of regulated normal F-actin 
(85-92%), regulated 2-azido-ADP-F-actin without 
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Fig. 1. Double-reciprocal plot of the ATPase activity of SI vs the 
concentration f 2-azido-ADP-F-actin with (e) and without 
(©) photolysis, and of normal ADP-F actin (m). 
photolysis (8407o) and regulated 2-azido-ADP-F- 
actin with photolysis (7007o) in buffer A and 2 mM 
EGTA. No inhibition was observed in buffer A and 
0.05 mM CaCI2. 
The ability of 2-azido-ADP-F-actin to depoly- 
merize and to repolymerize was studied. 2-Azido- 
ADP-F-actins with and without photolysis were 
dialyzed against 0.2 mM ATP, 0.1 mM CaCI2 and 
2 mM Tris-HC1 at pH 8.0 and 4°C. After 3 days 
dialysis, 2-azido-ADP-F-actin both with and 
without photolysis depolymerized completely, 
judging from the viscosity measurements. 2-Azido- 
ADP in F-actin without photolysis was replaced 
with ATP during dialysis but 2-azido-ADP in F- 
actin with photolysis was not replaced. The 
repolymerization of depolymerized samples was 
measured. Fig.2 shows that G-actin with bound 
2-azido-ADP covalently lost its ability to 
polymerize. 
The fluorescence spectra of native ATP-G-actin, 
or 2-azido-ADP-G-actin i  buffer-G or in buffer-G 
and 2 mM EDTA were measured. Excitation wave- 
length was 295 nm. The emission maxima were at 
330 nm for native ATP-G-actin and 337 nm for 
denatured G-actin in the presence of 2 mM EDTA. 
The fluorescence spectrum of 2-azido-ADP-G- 
actin in buffer-G was similar to that of G-actin 
which was denatured in the presence of 2 mM 
EDTA. 2-Azido-ADP-G-actin seems to denature 
quickly even though it binds nucleotide covalently. 
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Fig.2. Time course of the repolymerization of depolymerized 2-azido-ADP-F-actin with (B) and without (A) photolysis at 25°C, The 
polymerization was initiated by the addition of 10-fold concentrated buffer-F solution at time zero. The concentrations of actin were 
2.2 mg/ml (O), 1.0 mg/ml (o), 0.5 mg/ml (A) and 0.25 mg/ml (m). 
4. D ISCUSSION 
Recently, Hegyi et al. [8] replaced the bound 
ADP in F-act in with 8 -bromo-ADP.  They found 
that the replacement reduced the actin act ivat ion of  
myosin S1-ATPase activity. 8 -Bromo-ADP,  
substituted at the C-8 atom of  the purine ring by 
the bulky bromide,  has hindered rotat ion around 
the glycosidic bond.  On the other hand, 2-azido- 
ADP also has hindered rotat ion around the 
glycosidic bound due to its bulky group at the C-2 
posi t ion of  the purine ring or its covalent cross- 
l inking to Tyr-306 in F-act in.  2 -Az ido-ADP-F -  
actin, both with and without photolysis,  act ivated 
the S1-ATPase activity less effectively than normal  
F-act in.  The results suggest that a free rotat ion 
around the glycosidic bond in the bound nucleotide 
is important  for the actin funct ion as suggested by 
Hegyi  et al. [8]. 2 -Az ido-ADP-G-act in  loses very 
quickly the abi l i ty to polymerize.  It is possible that 
dur ing depolymerizat ion,  a conformat iona l  change 
occurs [4] and cross- l inked nucleotide may not 
al low it to revert to a proper  conformat ion  of  G- 
actin and then a denaturat ion may occur. 
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